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Abstract: In this correspondence, the authors propose an image resolution enhancement technique based 
on interpolation of the high frequency sub band images obtained by discrete wavelet transform (DWT) 
and the input image. The edges are enhanced by introducing an intermediate stage by using stationary 
wavelet transform (SWT). DWT is applied in order to decompose an input image into different sub 
bands. Then the high frequency sub bands as well as the input image are interpolated. The estimated high 
frequency sub bands are being modified by using high frequency sub band obtained through SWT. Then 
all these sub bands are combined to generate a new high resolution image by using inverse DWT (IDWT). 
The quantitative and visual results are showing the superiority of the proposed technique over the 
conventional and state-of-art image resolution enhancement techniques 
Index Terms—Discrete Wavelet Transform; Image Super Resolution; Stationary Wavelet Transf  
I. INTRODUCTION 
Pictures are the most common and convenient 
means of conveying or transmitting information. A 
picture is worth a thousand words. Pictures 
concisely convey information about positions, sizes 
and inter-relationships between objects. They 
portray spatial information that we can recognize as 
objects. Human beings are good at deriving 
information from such images, because of our 
innate visual and mental abilities. About 75% of 
the information received by human is in pictorial 
form. In the present context, the analysis of pictures 
that employ an overhead perspective, including the 
radiation not visible to human eye are considered. 
Thus our discussion will be focusing on analysis of 
remotely sensed images. These images are 
represented in digital form. When represented as 
numbers, brightness can be added, subtracted, 
multiplied, divided and, in general, subjected to 
statistical manipulations that are not possible if an 
image is presented only as a photograph. Although 
digital analysis of remotely sensed data dates from 
the early days of remote sensing, the launch of the 
first Land sat earth observation satellite in 1972 
began an era of increasing interest in machine 
processing (Cam bell, 1996 and Jensen, 1996). 
Previously, digital remote sensing data could be 
analyzed only at specialized remote sensing 
laboratories. Specialized equipment and trained 
personnel necessary to conduct routine machine 
analysis of data were not widely available, in part 
because of limited availability of digital remote 
sensing data and a lack of appreciation of their 
qualities. 
II. IMAGE RESOULTION 
Image resolution is the detail an image holds. The 
term applies to raster digital images, film images, 
and other types of images. Higher resolution means 
more image detail. 
Image resolution can be measured in various ways. 
Resolution quantifies how close lines can be to 
each other and still be visibly resolved. Resolution 
units can be tied to physical sizes (e.g. lines per 
mm, lines per inch), to the overall size of a picture 
(lines per picture height, also known simply as 
lines, TV lines, or TVL), or to angular sub tense. 
Line pairs are often used instead of lines; a line pair 
comprises a dark line and an adjacent light line. A 
line is either a dark line or a light line. A resolution 
of 10 lines per millimetre means 5 dark lines 
alternating with 5 light lines, or 5 line pairs per 
millimetre (5 LP/mm).Photographic lens and film 
resolution are most often quoted in line pairs per 
millimetre. 
Pixel Resolution: 
The term resolution is often considered equivalent 
to pixel count in digital imaging, though 
international standards in the digital camera field 
specify it should instead be called "Number of 
Total Pixels" in relation to image sensors, and as 
"Number of Recorded Pixels" for what is fully 
captured. Hence, CIPA DCG-001 calls for notation 
such as "Number of Recorded Pixels 1000 × 
1500".[1][2] According to the same standards, the 
"Number of Effective Pixels" that an image 
sensor or camera has is the count of pixel sensors 
that contribute to the final image (including pixels 
not in said image but nevertheless support the 
image filtering process), as opposed to the number 
of total pixels, which includes unused or light-
shielded pixels around the edges. 
An image of N pixels height by M pixels wide can 
have any resolution less than N lines per picture 
height, or N TV lines. But when the pixel counts 
are referred to as "resolution", the convention is to 
describe the pixel resolution with the set of two 
positive integer numbers, where the first number is 
the number of pixel columns (width) and the 
second is the number of pixel rows (height), for 
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example as 7680 × 6876. Another popular 
convention is to cite resolution as the total number 
of pixels in the image, typically given as number 
of megapixels, which can be calculated by 
multiplying pixel columns by pixel rows and 
dividing by one million. Other conventions include 
describing pixels per length unit or pixels per area 
unit, such as pixels per inch or per square inch. 
None of these pixel resolutions are true resolutions 
but they are widely referred to as such; they serve 
as upper bounds on image resolution. 
Below is an illustration of how the same image 
might appear at different pixel resolutions, if the 
pixels were poorly rendered as sharp squares 
(normally, a smooth image reconstruction from 
pixels would be preferred, but for illustration of 
pixels, the sharp squares make the point better). 
 
 
FIGURE 1.1 Pixel resolution 
An image that is 2048 pixels in width and 1536 
pixels in height has a total of 2048×1536 = 
3,145,728 pixels or 3.1 megapixels. One could 
refer to it as 2048 by 1536 or a 3.1-megapixel 
image. Or, you can think of it as a very low quality 
image (72ppi) if printed at about 28.5 inches wide, 
or a very good quality (300ppi) image if printed at 
about 7 inches wide. 
Unfortunately, the count of pixels isn't a real 
measure of the resolution of digital camera images, 
because color sensors are typically set up 
to alternate color filter types over the light sensitive 
individual pixel sensors. Digital images ultimately 
require a red, green, and blue value for each pixel 
to be displayed or printed, but one individual pixel 
in the image sensor will only supply one of those 
three pieces of information. The image has to be 
interpolated or demos iced to produce all three 
colors for each output pixel. 
Spatial resolution The terms blurriness and 
sharpness are used for digital images but other 
descriptors are used to reference the hardware 
capturing and displaying the images. Spatial 
resolution in radiology refers to the ability of the 
imaging modality to differentiate two objects. Low 
spatial resolution techniques will be unable to 
differentiate between two objects that are relatively 
close together.  
  
 Figure1.2 Spatial resolution 
Image at left has a higher pixel count than the one 
to the right, but is still of worse spatial resolution. 
The measure of how closely lines can be resolved 
in an image is called spatial resolution, and it 
depends on properties of the system creating the 
image, not just the pixel resolution in pixels per 
inch (ppi). For practical purposes the clarity of the 
image is decided by its spatial resolution, not the 
number of pixels in an image. In effect, spatial 
resolution refers to the number 
of independent pixel values per unit length. 
The spatial resolution of consumer displays range 
from 50 to 800 pixel lines per inch. With 
scanners, optical resolution is sometimes used to 
distinguish spatial resolution from the number of 
pixels per inch. In remote sensing, spatial 
resolution is typically limited by diffraction, as well 
as by aberrations, imperfect focus, and atmospheric 
distortion. The ground sample distance (GSD) of an 
image, the pixel spacing on the Earth's surface, is 
typically considerably smaller than the resolvable 
spot size. 
In astronomy, one often measures spatial resolution 
in data points per arc second subtended at the point 
of observation, because the physical distance 
between objects in the image depends on their 
distance away and this varies widely with the 
object of interest. On the other hand, in electron 
microscopy, line or fringe resolution refers to the 
minimum separation detectable between adjacent 
parallel lines (e.g. between planes of atoms), 
whereas point resolution instead refers to the 
minimum separation between adjacent points that 
can be both detected and interpreted e.g. as 
adjacent columns of atoms, for instance. The 
former often helps one detect periodicity in 
specimens, whereas the latter (although more 
difficult to achieve) is key to visualizing how 
individual atoms interact. 
In Stereoscopic 3D images, spatial resolution could 
be defined as the spatial information recorded or 
captured by two viewpoints of a stereo camera (left 
and right camera). 
Spectral resolution Pixel encoding limit the 
information stored in a digital image, and the term 
colour profile is used for digital images but other 
descriptors are used to reference the hardware 
capturing and displaying the images. 
Spectral resolution is the ability to resolve spectral 
features and bands into their separate 
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components. images distinguish light of 
different spectra. Multispectral images can resolve 
even finer differences of spectrum 
or wavelength by measuring and storing more than 
the traditional 3 of common RGB color images. 
Temporal resolution Temporal resolution (TR) 
refers to the precision of a measurement with 
respect to time. Movie and high-speed cameras can 
resolve events at different points in time. The time 
resolution used for movies is usually 24 to 
48 frames per second (frames/s), whereas high-
speed cameras may resolve 50 to 300 frames/s, or 
even more. Many cameras and displays offset the 
colour components relative to each other or mix up 
temporal with spatial resolution: 
 
digital camera (Bayer colour filter array) 
 
LCD (Triangular pixel geometry) 
 
CRT (shadow mask) 
Figure 1.3 resolution  images 
In quantum physics there is a trade-off between 
temporal resolution of a measurement and its 
spatial resolution due to the uncertainty principle; 
similarly, a time/space trade-off is an inherent 
property of the Fourier transform used to visualize 
audio. 
Radiometric resolution: 
Radiometric resolution determines how finely a 
system can represent or distinguish differences 
of intensity, and is usually expressed as a number 
of levels or a number of bits, for example 8 bits or 
256 levels that is typical of computer image files. 
The higher the radiometric resolution, the better 
subtle differences of intensity or reflectivity can be 
represented, at least in theory. In practice, the 
effective radiometric resolution is typically limited 
by the noise level, rather than by the number of bits 
of representation. 
for the NTSC system. (For PAL systems, replace 
480 with 576.) Analogy formats usually had less 
chroma resolution. 
DISCRETE WAVELET TRANSFORM:  
The wavelet transform has gained widespread 
acceptance in signal processing and image 
compression. Recently the JPEG committee has 
released its new image coding standard, JPEG-
2000, which has been based upon DWT. Wavelet 
transform decomposes a signal into a set of basic 
functions. These basis functions are called 
wavelets. Wavelets are obtained from a single 
prototype wavelet called mother wavelet by 
dilations and shifting[8]. The DWT has been 
introduced as a highly efficient and flexible method 
for sub band decomposition of signals. The 
2DDWT is nowadays established as a key 
operation in image processing .It is multi-resolution 
analysis and it decomposes images into wavelet 
coefficients and scaling function. In Discrete 
Wavelet Transform, signal energy concentrates to 
specific wavelet coefficients. This characteristic is 
useful for compressing images[9]. Wavelets 
convert the image into a series of wavelets that can 
be stored more efficiently than pixel blocks. 
Wavelets have rough edges, they are able to render 
pictures better by eliminating the ―blockiness. In 
DWT, a timescale representation of the digital 
signal is obtained using digital filtering techniques. 
 
Figure 1.4 DWT time scale images 
The signal to be analyzed is passed through filters 
with different cut-off frequencies at different 
scales. It is easy to implement and reduces the 
computation time and resources required[9]. A 2-D 
DWT can be seen as a 1-D wavelet scheme which 
transform along the rows and then a 1-D wavelet 
transform along the columns,. The 2-D DWT 
operates in a straight forward manner by inserting 
array transposition between the two 1-D DWT. The 
rows of the array are processed first with only one 
level of decomposition. This essentially divides the 
array into two vertical halves, with the first half 
storing the average coefficients, while the second 
vertical half stores the detail coefficients. This 
process is repeated again with the columns, 
resulting in four sub-bands (see Fig. 1) within the 
array defined by filter output. Fig. 1 shows a three- 
level 2- D DWT decomposition of the image 
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Image consists of pixels that are arranged in two 
dimensional matrix, each pixel represents the 
digital equivalent of image intensity. In spatial 
domain adjacent pixel values are highly correlated 
and hence redundant. In order to compress images, 
these redundancies existing among pixels needs to 
be eliminated. DWT processor transforms the 
spatial domain pixels into frequency domain 
information that are represented in multiple sub-
bands, representing different time scale and 
frequency points. One of the prominent features of 
JPEG2000 standard, providing it the resolution 
scalability , is the use of the 2D-DWT to convert 
the image samples into a more compressible form. 
The JPEG 2000 standard proposes a wavelet 
transform stage since it offers better rate/distortion 
performance than the traditional DCT. 
STATIONARY WAVELET TRANSFORM 
stationary wavelet transform: The Discrete 
Wavelet Transform is not a time invariant 
transform. The way to restore the translation 
invariance is to average some slightly different 
DWT, called un-decimated DWT, to define the 
stationary wavelet transform (SWT). It does so by 
suppressing the down-sampling step of the 
decimated algorithm and instead up-sampling the 
filters by inserting zeros between the filter 
coefficients. Algorithms in which the filter is up 
sampled are called “à torus”, meaning “with holes”. 
As with the decimated algorithm, the filters are 
applied first to the rows and then to the columns. In 
this case, however, although the four images 
produced (one approximation and three detail 
images) are at half the resolution of the original; 
they are the same size as the original image. The 
approximation images from the un decimated 
algorithm are therefore represented as levels in a 
parallelepiped, with the spatial resolution becoming 
coarser at each higher level and the size remaining 
the same. Stationary Wavelet Transform (SWT) is 
similar to Discrete Wavelet Transform (DWT) but 
the only process of down-sampling is suppressed 
that means the SWT is translation-invariant. The 2-
D SWT decomposition scheme is illustrated in 
Figure 1.5: SWT decomposition scheme The 2D 
Stationary Wavelet Transform (SWT) is based on 
the idea of no decimation. It applies the Discrete 
Wavelet Transform (DWT) and omits both down-
sampling in the forward and up-sampling in the 
inverse transform. More precisely, it applies the 
transform at each point of the image and saves the 
detail coefficients and uses the low frequency 
information at each level. The Stationary Wavelet 
Transform decomposition scheme is illustrated in 
Figure 2 where Gi and Hi are a source image, low 
pass filter and high-pass filter, respectively. Figure 
2 shows the detail results after applying SWT to an 
image using SWT at 1 to 4 levels 
 
Figure1.5 SWT decomposition scheme 
III.  PROPOSED INTERPOLATION 
TECHNIQUES 
Proposed method: bicubic interpolation  
 
Block diagram of the proposed super resolution 
algorithm 
We are proposing an image resolution enhancement 
technique which generates sharper high resolution 
image. The proposed technique uses DWT to 
decompose a low resolution image into different 
sub-bands. Then the three high frequency sub-band 
images have been interpolated using bi-cubic 
interpolation. The high frequency sub-bands 
obtained by SWT of the input image are being 
incremented into the interpolated high frequency 
sub-bands in order to correct the estimated 
coefficients. In parallel, the input image is also 
interpolated separately. 
Finally, corrected interpolated high frequency sub-
bands and interpolated input image are combined 
by using inverse DWT (IDWT) to achieve a high 
resolution output image. The proposed technique 
has been compared with conventional and state-of-
art image resolution enhancement techniques. 
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Improved Algorithm (Extension): super 
resolution algorithem 
 
Fig 3.2: Bicubic Interpolation Technique 
Interpolation of DWT and SWT:                 
We propose a resolution-enhancement technique 
using interpolated DWT high-frequency subband 
images and the input low-resolution image. Inverse 
DWT (IDWT) has been applied to combine all 
these images to generate the final resolution-
enhanced image. In order to achieve a sharper 
image, we propose to use an intermediate stage for 
estimating the highfrequency subbands by utilizing 
the difference image obtained by subtracting the 
input image and its interpolated LL subband. The 
proposed technique has been compared with 
standard interpolation techniques, wavelet zero 
padding (WZP), where the unknown coefficients in 
high-frequency subbands are replaced with zeros, 
state-of-art techniques. The performance of the 
proposed technique over performs all available 
state-of-art methods for image resolution 
enhancement. 
In all steps of the proposed satellite image 
resolution enhancement technique, Daubechies  
wavelet transform as mother wavelet function and 
bicubic interpolation as interpolation technique 
have been used. 
IV. RESULTS 
The below shows that super resolved image of 
Baboon’s picture using proposed technique in (d) 
are much better than the low resoluimage in (a), 
super resolved image by using the interpolation (b), 
and WZP (c). Note that the input low resolution 
images have been obtained by down-sampling the 
original high resolution images. In order to show 
the effectiveness of the proposed method over the 
conventional and state-of-art image resolution 
enhancement techniques, four well-known test 
images (Lena, Elaine, Baboon, and Peppers) with 
different features are used for comparison. Table I 
compares the PSNR performance of the proposed 
technique using bicubic interpolation with 
conventional and state-of-art resolution 
enhancement techniques: bilinear, bicubic, WZP, 
NEDI, HMM, HMM SR, WZP-CS, WZP-CS-ER, 
DWT SR, CWT SR, and regularity-preserving 
image interpolation. Additionally, in order to have 
more comprehensive comparison, the performance 
of the super resolved image by using SWT only 
(SWT-SR) is also included in the table. The results 
in Table I indicate that the proposed technique 
over-performs the aforementioned conventional 
and state-of-art image resolution enhancement 
techniques. Table I also indicates that the proposed 
technique over-performs the aforementioned 




Block diagram of DWT-SWT SR method 
 
(a) Original low resolution Baboon’s image. (b) 
Bicubic interpolated image (c) Super resolved 
image using WZP. (d) Proposed technique. 
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V. CONCLUSION 
The proposed technique has been tested on well-
known benchmark images, where their PSNR and 
visual results show the superiority of proposed 
technique over the conventional and state-of-Image 
resolution enhancement techniques This work 
proposed an image resolution enhancement 
technique based on the interpolation of the high 
frequency sub bands obtained by DWT, correcting 
the high frequency sub band estimation by using 
SWT high frequency sub bands, and the input 
image. The proposed technique uses DWT to 
decompose an image into different sub bands, and 
then the high frequency sub band images have been 
interpolated. The interpolated high frequency sub 
band coefficients have been corrected by using the 
high frequency sub bands achieved by SWT of the 
input image. An original image is interpolated with 
half of the interpolation factor used for 
interpolation of the high frequency sub bands. 
Afterwards all these images have been combined 
using IDWT to generate a super resolved image. 
The proposed technique has been tested on well-
known benchmark images, where their PSNR and 
visual results show the superiority of proposed 
technique over the conventional and state-of-art 
image resolution enhancement and zooming 
techniques. 
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